Achalasia is considered a primary motility disorder confined to the oesophagus. The lower oesophageal sphincter (LOS) in achalasia is frequently hypertonic and manifests absent or incomplete relaxation in response to deglution. On the other hand, the LOS and the proximal stomach act physiologically as a functional unit whereby relaxation of the LOS during deglution is associated with receptive relaxation of the proximal stomach. Thus, this study investigated the hypothesis that impaired LOS relaxation in patients with achalasia might be associated with impaired relaxation of the proximal stomach. The study consisted of 20 patients with achalasia and 10 healthy controls. Gastric tone variations were quantified using an electronic barostat. Firstly, the study established the basal gastric tone (intragastric volume at the minimal distending pressure+ 1 mm Hg) and gastric compliance (volume/pressure relation) during isobaric distension (increasing stepwise the intragastric pressure from 0 to 20 mm Hg up to 600 ml). Secondly, the gastric tone response to cold stress (hand immersion into ice water for five minutes) or to control stimuli (water at 370) was determined. Basal gastric tone mean (SEM) was similar in achalasia and in healthy controls (125 (9) ml v 138 (9) ml, respectively). Compliance was linear and similar in both groups, which also showed similar gastric extension ratios (58 (7) mi/mm Hg v 57 (6) mi/mm Hg). Cold stress induced a gastric relaxatory response that, as a group, was significantly lower in achalasia than in healthy controls (volume: 43 (20) 
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Achalasia constitutes a primary motility disorder of the oesophagus. Several reports suggest, however, that the disease may not be strictly confined to the oesophagus as motor abnormalities of the stomach,l 2 small bowel,3 gall bladder,2 and sphincter of Oddi4 have been described in some patients. Oesophageal motility in achalasia is characterised by aperistalsis of the oesophageal body and by absent or incomplete relaxatory response to deglution of a frequently hypertensive lower oesophageal sphincter (LOS).5 Physiologically, the LOS and the proximal stomach behave in many ways as a functional unit.6 Thus, we speculated that in achalasia the motor function of the proximal stomach could be disturbed because the pathogenetic mechanisms interfering with neurally mediated LOS relaxation could also affect reflex gastric accommodation. Indeed, accelerated gastric emptying of liquids is common in achalasial 2 a piece of evidence that would be consistent with impaired adaptability of the gastric fundus.7
The specific aims of this study in achalasia were threefold: firstly, to establish the basal tone of the proximal stomach and its compliance during stepwise distension. Secondly, to quantify the reflex relaxation of the stomach in response to an acute somatic stimulus (cold stress). Thirdly, to discover if visceral perception induced by gastric distension is impaired.
Methods

SUBJECTS
Twenty patients with the diagnosis of achalasia were included in the study. They were divided into two different groups: 10 symptomatic patients with untreated achalasia and 10 patients in whom forceful endoscopic dilatation had been successfully accomplished within one year before study. All Oesophageal manometry Studies were performed in the supine position after oral passage of the manometric tube. Oesophageal intraluminal pressures were measured using a four lumen polyvinyl tube (0.9 mm ID) with its orifices spaced at 5 cm intervals along the distal part of the tube. The lateral opening manometric catheters were radially oriented. They were perfused with distilled water at 0-1 m/min with a pneumohydraulic system. Pressure activity was recorded on a paper polygraph. Resting LOS pressure was assessed during two station pull through and LOS relaxation after ten 5 ml water swallows.
Measurement ofgastric compliance
This was accomplished by producing a standardised gastric distension with the barostat and measuring the resulting volume at each pressure level.9 In addition we evaluated the perception elicited by gastric distension. The gastric barostat measures the volume of air within an intragastric bag maintained by an electronic feedback mechanism at a constant preselected pressure level. A dial in the external electronic component of the barostat permits selection of the desired pressure level. A detailed description of the system has been published.10 11
The procedure was as follows. The bag of the barostat, finely folded, was introduced through the mouth into the stomach. To unfold the intragastric bag, one lumen of the connecting tube was connected to a pressure transducer, and the bag was slowly inflated through the other lumen of the tube with 300 ml of air. The bag was then completely deflated and connected to the barostat.
Pressure and volume inside the intragastric bag were continuously recorded on a paper polygraph (model 1600, MFE, Salem, NH).
Participants were placed in a 30°recumbent position and were asked to relax comfortably.
Using the pressure selection dial of the barostat, intrabag pressure was gradually increased by 2 mm Hg stepwise increments every three minutes, starting at 0 mm Hg (atmospheric pressure), until the pressure level that first provided an intrabag volume >600 ml, or when the participants reported discomfort (score= 8). Perception of gastric distension was scored at each pressure step using a rating scale graded from 0 to 10. We specifically measured perception of upper abdominal sensations excluding those of putative oesophageal origin such as dysphagia, chest pain, heartburn or sensation of a throat lump. Before testing, participants were informed of the several possible sensations they could feel and which they were supposed to score. These included upper abdominal pressure, fullness, bloating, and nausea. These symptoms were selected as the more common sensorial responses to gut distension previously determined in our laboratory and incorporated into a standardised questionnaire.'2 13 The quantification of perception was performed by means of a manually activated scale based on the intensity of upper abdominal sensation. Intensity scores were defined as: 0, absent sensation; 1 and 2, faint sensation; 3 and 4, mild sensation; 5 and 6, moderate sensation; 7 and 8, uncomfortable sensation; and 9 and 10, painful sensation (note that stimulation should be interrupted at score 8).
Measurement of the gastric relaxatory response
To test reflex gastric relaxation in achalasia we selected the 'cold stress test' as we have previously shown that in healthy volunteers it induces a profound relaxatory response of the proximal stomach.9
The procedure was as follows. The gastric barostat was positioned and connected to the recording system as described above. We first determined the minimal intragastric distending pressure. We raised intragastric pressure by 1 mm Hg increments every two minutes using the pressure selection dial of the barostat. The minimal distending pressure was defined as the first pressure level that provided an intrabag volume of -30 ml. This pressure level is needed to overcome the intra-abdominal pressure.'1 Thereafter, we set an intragastric pressure 1 mm Hg above the minimal distending pressure to record gastric tone variations (volume changes at constant pressure) during the study.
After allowing 10 minutes for stabilisation, we tested cold stress and sham stress stimuli. 10 healthy subjects tested, re exceeded 100 ml (Fig 4) . In patients wi lasia, mean relaxatory response to col did not reach statistical significance and only in five of 20 achalasia patients tested did gastric relaxation exceed 100 ml (Fig 5) . Statistical 0 comparison (Mann-Whitney test) of induced g gastric relaxation in patients and controls 600 showed a significantly blunted relaxatory response in the achalasia group (Fig 6) . The difference in the number of subjects in the 20 I control and achalasia groups with a reflex g relaxatory response greater than 100 ml, how-0 E ever, did not reach statistical significance.
During cold stress, brachial blood pressure increased to a similar extent in achalasia patients and healthy controls but the heart rate increase was significantly higher in healthy controls. Sham stimulation did not induce any Le intra-detectable changes in gastric tone or in the 4.2 (0.8) cardiovascular autonomic responses (Fig 6) .
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